Background Atherosclerosis leading to cardiovascular disease (CVD) is the main cause of mortality and morbidity in patients with rheumatoid arthritis (RA). Paraoxonase1 (PON1) is the best understood member of plasma paraoxonases with antiatherogenic properties. Patients and methods Spanish RA (n = 549) consecutively recruited from 1 single center and 477 ethnically matched healthy controls were included in a case-control study. The concentration of PON1 was evaluated by means of an enzyme-linked immunosorbent sssay (ELISA). An arylesterase/paraoxonase assay kit was used to evaluate PON1 activity. Sample genotyping was performed by using TaqMan assays-on-demand. All results were expressed as medians ± interquartile range. One-way ANOVA comparisons were done using a nonparametric Kruskall-Wallis test. P values under 0.05 were considered to be significant. Results The concentration of PON1 in the RA group was higher than in control group (p = 0.0003), although the differences were not significant when PON1 activities were compared between both groups. No significant differences were found related to distributions of rs662 genotypes in RA patients compared to healthy controls. Among rs854860 polymorphisms, overall genotype was widely distributed between RA patients and controls. Overall PON1 concentration in plasma was not significantly different between individuals carrying any of rs662 (p = 0.8501) or rs854860 (p = 0.2741) polymorphisms. Although PON1 levels were not associated with any of the SNPs in the study, differences appear when enzyme activities are compared for each SNP separately. CVD in RA patients correlate with increased PON1 levels and lower PON1 activity. Conclusions Although protective role of PON1 against oxidative damage in vivo could be related to other activities, in our study arylesterase activity was useful to identify phenotypic differences with emphasis placed on two SNPs coding for nonconservative amino acid changes in the functional protein.
Background
Atherosclerosis leading to cardiovascular disease (CVD) is the main cause of mortality and morbidity in patients with rheumatoid arthritis (RA) [1] . Both diseases share their pathophysiology so closely that atherosclerosis can be considered as an extra articular manifestation of RA [2] . Chronic inflammation plays a pivotal role as it is inferred from the lower CVD risk association following treatment with disease-modifying antirheumatic drugs (DMARDs) [3] .
The synovium is the inflammatory target in RA, the most disabling and prevalent among many forms of inflammatory arthritis [4] [5] [6] . RA synovitis is histopathologically characterized by a massive immuno-inflammatory cell infiltration and secreted chemical mediators leading to destruction of the adjacent bone and cartilage [7] . RA shows features of an autoimmune-like process affected by multiple factors, including some HLA alleles, age, sex, and environment, but the exact etiology remains still unknown [8, 9] .
RA and atherosclerosis have their own risk factors and may exist separately; however, when disease-related risk factors converge in a single individual, the diagnosis worsens. Increased secretion of cytokines in RA-inflamed joints generates increased oxidative stress, mainly due to the presence of reactive oxygen species (ROS) [10] . These intermediaries have harmful effects on the cell membrane lipids, altering cell structure and function, its gene expression, and promoting cell apoptosis that can lead to degenerative diseases [11] . Among plasma lipoproteins, the role of LDL (low-density lipoprotein) in inflammation and atherogenesis has been extensively studied. By itself, LDL is not proinflammatory or proatherogenic, but its chemical alteration has been described to change its properties [12] . The best known of these is the oxidation, both on the lipidic molecule itself or in the apo B-associated protein [13] . In contrast, high-density lipoprotein (HDL) protects at least some anti-inflammatory components [14] .
Protection against oxidative damage is carried out by means of antioxidant enzymes, among them paraoxonase (PON) and arylesterase [15] . PON1 is the best understood member of plasma paraoxonases with anti-atherogenic properties. Genes for PON1, PON2, and PON3 are located on the long arm of chromosome 7 (7q21.3-q22.1) [16] . Although PON2 is expressed widely in a number of tissues, including liver, lungs, brain, and heart, it is not present in blood [17] . On the other hand, PON1 and PON3 are expressed in the liver and released to the blood stream where they associate with HDL [18, 19] . Human plasma paraoxonase (HuPON1) is a 354 amino acid calcium-dependent enzyme that hydrolyzes esters, including organophosphates and lactones, but the exact role in vivo is still unclear [20] . It is thought that PON1 contribute to inactivate LDL peroxidation, a key process in the pathophysiology of atherosclerosis and the onset of CVDs [21] . Besides other polimorphysms in the promoter region, there are two interesting coding polymorphisms Q192R and L55M. At least Q192R has been implicated in the different affinities and catalytic activities.
The objective of this study was to analyze the contribution of different single-nucleotide polymorphisms (SNPs) in the coding region of PON1 gene in subjects affected with rheumatoid arthritis. Furthermore, we compared the concentration and activity according to the different genotypes studied.
Methods

Patients and blood samples
Five hundred forty-nine white Spanish RA (69% women) consecutively recruited from a single center (Hospital Clínico San Carlos, Madrid) and 477 ethnically matched healthy controls (51% women), mainly blood donors and staff members, were included in a case-control study. The RA diagnosis was established based on the ACR criteria. The mean age at onset was 53 ± 14, 59% patients carried the shared epitope; 75% were positive for rheumatoid factor and 50% presented anti-CCP antibodies. All patients were included in the study after written informed consent and the study was approved by the institutional Ethics Committee (Hospital Clinico San Carlos).
Blood samples were obtained after 8-12-h fasting. The samples were centrifuged at 3000 r.p.m. for 10 min to obtain plasma that were aliquoted and stored at − 70°C until the day of analysis.
Genotyping
Sample genotyping was performed by using TaqMan assayson-demand (Applied Biosystems C_2548962_20 and C_2259750_20 corresponding to rs662 and rs854560 respectively). The 5-μl PCR reaction with 1× TaqMan Universal Master Mix, 1× probe and primers assay mix and 10 ng of genomic DNA was performed using 384 well-plates in a 7900HT Fast Real-Time PCR system, under manufacturer recommended conditions (Applied Biosystems, Foster City, CA, USA).
Genotyping statistical analysis was performed with standard statistical software (Epi Info v. 6.02; World Health Organization, Geneva, Switzerland and SPSS v 12.0). Phenotype and genotype frequencies in patients and controls were compared by chi-square test or Fisher's exact test. Strength of association was given as odds ratio (OR) with a 95% confidence interval and p values under 0.05 were considered statistically significant. Haplotypic frequencies were estimated using the expectation-maximization algorithm implemented in the Arlequin v2.0 software, with a number of iterations set at 5000 and initial conditions at 50, with an Δ value of 10
Measurement of enzymatic activity of PON1
An arylesterase/paraoxonase assay kit from ZeptoMetrix (Buffalo, New York) Cat# 0801119 was used to measure PON1 activity. In this assay, arylesterase/paraoxonase catalyzes the cleavage of phenyl acetate resulting in phenol formation. The rate of formation of phenol was measured by monitoring the increase in absorbance at 270 nm at 25°C.
Briefly, PON1 activity was measured at 25°C by adding 6.7 μl of plasma or standard diluted 1:2 in 20 mM Tris/HCl containing 10 mM CaCl 2 to 1000 μl substrate buffer (20 mM Tris/HCl buffer, pH 8.0, containing 1 mM CaCl 2 and 4 mM phenyl acetate). The rate of generation of phenol was recorded at 270 nm for 1 min following 20 s of lag time. Enzymatic activity was calculated using the phenol molar extinction co-
. Each measurement was corrected using a standard of purified paraoxonase and adequate blanks. Experiments were done by duplicate and activities were expressed as U/ml.
Quantification of PON1 by ELISA
The concentration of PON1 in serum samples was evaluated by means of an enzyme-linked immunosorbent assay (ELISA). Briefly, 96-well plates were coated overnight at 4°C with 50 μL of a dilution 1:100 of capture antibody (Goat IgG) PON1 (N-20). Santa Cruz Biotechnology and then blocked with 5% nonfat dry milk. PON1 Standards (Abnova Corporation) and 1:5 dilutions of plasma samples were incubated overnight in a volume of 50 μl by triplicate. Sandwich was completed incubating with 50 μl of detecting antibody (Mouse IgG 1 ) PON1 (17A12) diluted 1:100 for 4 h at room temperature in a humid atmosphere and after incubated with 50 μl/well of secondary antibody diluted 1:3000 Goat antiMouse IgG 1 -HRP, Santa Cruz Biotechnology, at room temperature for at least 1 h. All washes between incubations were done with several changes of PBS/0.05% Tween 20, and antibodies were diluted in PBS with 1% nonfat dry milk.
Detection was carried out adding 50 μl/well of substrate solution (TMB), and reaction was stopped with 100 μl/well of 2 M H 2 SO 4 . Optical densities at 450 nm were measured with a plate.
Statistics
All results were expressed as medians ± interquartile range. Gaussian distributions were not assumed and one-way ANOVA comparisons were done using a nonparametric Kruskall-Wallis test. A p value under 0.05 was considered to be significant.
Results
PON1 concentrations and activities in RA patients and healthy controls
In order to investigate the possible existence of differences between patients with RA and healthy individuals, relative to the enzyme activity of PON1 and/or its plasma concentration; 100 individuals of our cohort, matched by gender and age, were randomly selected (50% RA, 50% healthy controls).
The concentration of PON1 in the RA group was higher than in control group (p = 0.0003), although the differences were not significant when PON1 activities were compared between both groups (Fig. 1) . In addition, the concentration range was more widely distributed in the RA group than in controls. The differences were most evident when comparing the groups according to gender. Although in the control group, in accordance with their similar activities, there were no differences in PON1 levels between men and women, in the RA group, PON1 activity was sex dependent with women showing higher plasma concentrations of PON1 Fig. 1 .
Distribution of PON1 rs662 and rs854560 genotypes in RA patients and control subjects
In order to evaluate the effect of genetic variants of PON1 in the previous results, two single-nucleotide polymorphisms (SNPs) rs662, encoding the amino acidic changes Q192R, and rs854860 encoding the L55M change of PON1. To obtain greater statistical power, the study was extended to the entire cohort available. The genotypic frequencies between patients and controls for both polymorphisms were in HardyWeinberg equilibrium (data not shown).
The data showed no significant differences between the general distributions of rs662 genotypes in RA patients compared to healthy controls. In 91% of the individuals were A carriers of the rs662 (A/A (50.6% vs. 50.5% and A/G (40.6% vs. 41.3%)), however, were equally distributed between AR and control group ( Table 1) . The G/G genotype was the least common in both groups but, again, it was distributed equally in RA or healthy controls (8.7% vs. 8.2%). Considering the higher prevalence of RA among women, prevalence of RA in the cohort studied, the number of women was three times higher; however, the distributions of genotypes between RA and controls were similar and independent of gender ( Table 1) .
Among rs854860 polymorphisms, overall genotype was widely distributed A/A (16.9% vs 19.3%), A/T (46.7% vs 48.8%), and T/T (36.5% vs 31.8%) between RA patients and controls respectively (Table 1 ). In addition, for both SNPs, carrier distribution was similar in RA and control group.
PON1 plasma concentration is independent of (PON1) Q192R or (PON1) L55M polymorphisms Overall PON1 concentration in plasma was not significantly different between individuals carrying any of rs662 (p = 0.8501) or rs854860 (p = 0.2741) polymorphisms. This was also the case when male and female were analyzed separately or when control or RA groups were compared for each SNP (data not shown).
(PON1) Q192R but not (PON1) L155M is involved in different paraoxonase activities Although PON1 levels were not associated with any of the SNPs in the study, differences appear when enzyme activities are compared for each SNP separately.
When the enzyme activities were analyzed for polymorphism rs854860, none of the genotypes were associated with differential enzyme activity in either the control group or the RA group (Table 2) . The same analysis, however, for rs662 did show differences between RA patients according to genotype (p = 0.0181). In addition, the lower activities were inversely related to the G allele copy numbers: (A/A) = 10.2 (5.4-14.7) > (A/G) = 4.5 (3.2-7.7) > (G/G) = 2.7 (2.0-5.8) U/ml. Although not statistically significant, the trend towards the lower enzyme activity of PON1 among allele G carriers was also present in the control group (Table 2 and Fig. 2) .
CVD in RA patients correlate with increased PON1 levels and lower PON1 activity 
Discussion
Because of their high prevalence, autoimmune, inflammatory, and CVD generate high socioeconomic costs. Coexistence of both diseases is not uncommon, particularly in the elderly. In the case of RA, CVD is the main cause of death. Atherosclerotic plaque and RA joint share many features, such as infiltration of mononuclear cells, upregulation of cytokines, and matrix-degrading enzymes as well as interactions of immune cells leading to the inflammatory process and tissue destruction. Oxidative stress plays an important role in diseases characterized by chronic inflammation; in particular, ROS are key signaling molecules. Several mechanisms including the enzymatic activity of PON1, in association with HDL, prevent the LDL oxidation and thus promoting antiatherogenic activities. As other proteins, PON1 expression and activity is largely influenced by SNPs [22] [23] [24] . In particular, polymorphisms in residues L55M and Q192R have been differentially implicated in substrate dependent activities without conclusive data and Jarvik et al. reported that PON1 phenotype, on the basis of its activity, was a more appropriate predictor of vascular disease than simple genotyping [25] , but few studies have measured PON1 activity and concentration. Here, we examined the implication of two PON1 SNPs and their association with PON1 concentration and/or activity in RA patients and control individuals. Measurement of the PON1 concentrations and activities in RA patients and healthy controls indicate the higher variability and concentration ranges in RA. Interestingly, in our study, PON1 activity was sex dependent with women showing higher plasma concentrations of PON1. These results likely indicate the existence of a compensatory mechanism to restore PON1 activity through the increase of PON1 plasma levels. In our study, both polymorphisms were equally distributed in RA patients and controls, and none of them appear to be differentially associated neither with RA nor in male not female. Genotypic distributions showed similar distributions and are in agreement with hypercontrols, strictly selected on the basis of clinical parameters and nonhereditary AR background a network of Spanish researchers working on the genomic basis of immunomediated diseases [26] . Atherosclerosis induced by LDLs is somehow related to the lesser antioxidant capacity of PON1. Reduction in enzymatic activity could be caused by lower PON1 levels or a reduced catalytic capacity of the enzyme. Mutations at residues L55M and Q192R have been studied with disappointing results about their implication in increased risk for CVD. While the PON1 alleles 192R and 55L have been associated with CVD, the Q192R polymorphism has been described as a risk factor for CVD [27] . On the other hand, a recent study point to the HDL anti-HDL-PON1 axis as a key factor in CVD occurrence in RA [28] .
In our study, the plasma concentration of PON1 was independent of both polymorphisms; therefore, the change of L ➔ M in position 55 does not affect the concentration nor the activity of PON1. However, Q192R polymorphisms clearly affect the functionality of PON1, reducing its enzyme activity to a greater extent in patients with RA than healthy controls when allele G is present. In support of this argument, it was also observed that PON1 activity was reduced when haplotypes were studied. Only three out of four possible combinations of alleles, rs662 and rs854860, were presented in our sample: A/T, A/A, and G/A, coding respectively for amino acid changes in positions 192/55 Q/M, Q/L, and L/R. None of them were associated with PON1 concentrations. Although differential activities were only found among patients with RA, lower activity was found in both RA 4.1 (2.7-7.4) and control 5.7 (4.9-8.5) U/ml were from haplotype G/A. These results agree with our previous results, indicating that the activities of minor PON1 are in close correlation with polymorphism Q192R and the absence of association of polymorphisms rs854860 in the activity of PON1.
Although protective role of PON1 against oxidative damage in vivo could be related to other activities, in our study, arylesterase activity was useful to identify phenotypic differences with emphasis placed on two SNPs coding for nonconservative amino acid changes in the functional protein. We performed a complete study of PON1 from genetics to protein function in RA patients. PON1 activity can be affected in many ways, besides age, sex, HDL levels, and several environmental factors, polymorphic residues can also be responsible, affecting both enzyme expression and their promiscuous catalytic properties to hydrolyze aryl esters, phosphate esters, or lactones. In a recent study, authors conclude that contributions of the genetic markers to the PON1 phenotype are stronger than the contributions of the lifestyle determinants [29] . Moreover, genetic implication of noncoding polymorphisms located in the paraoxonase promoter region of paraoxonase gene locus appears to have supporting evidence of lower PON1 activities in the absence of coding polymorphisms association [30] [31] [32] .
Conclusions
Arylesterase activity was useful to identify phenotypic differences with emphasis placed on two SNPs coding for nonconservative amino acid changes in the PON1 functional protein.
Q192R polymorphisms clearly affect the functionality of PON1, reducing its enzyme activity to a greater extent in patients with RA than healthy controls when allele G is present.
The activity of PON1 can be affected in many ways, besides age, sex, HDL levels, and several environmental factors, polymorphic residues can also be responsible, affecting both the enzymatic expression, and its promiscuous catalytic properties to hydrolyze aryl esters, phosphate esters, or lactones, thus determining cardiovascular risk in patients with RA. Availability of data and materials We confirm the data and material availability. The datasets used and/or analyzed during the current study available from the corresponding author on reasonable request.
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